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ABSTRACT 237 16~
The parameters and enthalpy-entropy state diagram are calculsted
for lithium in the vapor state, applying thermodynesmic similar-
ity methods. The criteria for choosing substances thermodynsm-
ically similar to lithium are discussed. To make up for the
dearth of deta relating to the parameters of all these substances
at high temperatures and pressures in the critical region, 2
scaling factors are calculated so that the data for better-known
but thermodynemically dissimilar substances in the region of

low temperatures and pressures can be extrapolated into the
region of high temperatures and pressures for the 1lithium group.
Although applied to the particular case of lithium as a heat
transfer agent, the method is of interest for its applicability
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in general.

SYMBOLS
p pressure, newtons/me'ter2
T temperature, degrees Kelvin
v volume, meter52
T= p/pcr reduced pressure
t = T/‘I‘cr reduced temperature
b= V/Vcr reduced volume
wr molecular weight

Nunmbers in the margin indicate pagination in the original foreign text.
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R gas constant
i enthalpy, kilojoules/kilogram

entropy, kilojoules/kilogram—degree

0

i, s dimensionless enthalpy and entropy
ki’ ks, kT enthalpy, entropy, and temperature scaling
factors
er "eritical"
hta "Heat transfer agent"
k., k scaling factors for the relative enthalpy end
+ s entropy
TNTRODUCTION

The present article undertakes the rather narrowly restricted problem of
calculating the parameters of wet lithium vapor in the entire region bounded by
the boundary curves and the superheated vapor region joiﬁing the outer boundary
curve. The method of calculation, however, is sufficiently general and well
suited (by virtue of the characteristics of the experimental data for wvarious
substances) for many other heat transfer agents in regions of sufficiently high
temperature and pressure.

The essence of the method is contained in the follpwing.

The first step is to select, according to a series of criterias, a group of

. thermodynasmically similar substances, including substances that have been sub-
Jected to thorough experimental investigation ("basis" substances), as well as
substances with unknown thermodynamic parameters but of importance from the

viewpoint of particular engineering applications.




The second step consists in determining the necessary critical parameters
of the substances in which we are interested, in order to establish the corres-
ponding states of the "basis" and the investigated substances.

The third step is to construct dimensionless i-s diagrams for the group of
thermodynamically similar substances.

The the case of lithium, the task is rather complicated if we consider l}é{i
the interval of temperatures and pressure just below critical. .This relates to
the fact that, of the group of similar substances of which lithium is a member,
there is not one substance whose thermodynemic properties have been studied in
the required temperature and pressure intervals and that could be used as the
"basis" substance. In this case, the properties are extrapolated in approxi-
~mate fashion into the regions of high temperatures and pressures by the intro-
duction of appropriate scaling factors for the dimensionless functions of
thermodynamically dissimilar substances. All of these problems will be given
special treatment in the present paper as part of the comstructicn of the
dimensionless i-s diagram.

SELECTION OF A GROUP OF THERMODYNAMICALLY SIMILAR
SUBSTANCES, WITH LITHIUM AS A MEMBER

In picking out the group of similar substances, including lithium, it
should be realized that sufficient data are lacking on the law of van der Waals
interaction for lithium atoms. Consequently, we cannot use the criterion of
"proportionality" between the interaction energy of different substances.

A possible basis for the selection of such a group is fouﬁd in viscosity
data (ref. 2), which confirm the generality of the viscosity function with re-
~ spect to the following liquid metals: tin, mercury, antimony, bismuth, gallium,

and lithium, According to reference 2, a group of materials similar in their




viscosity is a thermodynamically similar group. In composing the group, we can
also rely on the criterion of equal coefficients RTcr/pc¥Vcr' The critical par-
ameters of the substances in which we are interested, such as lithium and others,

can be determined by using the data cobtained in reference 5.

DIMENSIONLESS i-s DIAGRAM FOR THE GROUP OF
SIMIT.AR SUBSTANCES INCLUDING LITHIUM

We will construct a unified dimensionless i-s diagrem suitsble for the en-
tire group of thermodynamicalyy similar substances. As the basis for such s
diagram in the region of relatively low, subcritical parameters, it is conven-
ient to use the existing experimental data for mercury (as the most exhaustively
studied member of the group). Extrapolation of the dimensionless diagram into
the critical region can be acgomplished, for example, on the basis of the exper-
4_iimental data for water. To provide a comparison, the extrapolation has also

“been carried out on the basis of the experimental data for CO This permitted

2.
us to check and improve the accuracy of several of the resultant characteristics.

For mercury and lithium on the one hand, water and CO, on the other, there

2

are not states where all of the reduced parameters (w, t, ¢) will coincide.

Therefore, comparing the states in the region of interest with certain equal

reduced parameters (e.g.,77'Hg =Ty 6 =Ty ), we obtain different values for
2 2
other parameters (tHg # tHEO # t002’ ete.).

The procedure for refining the characteristics determined from the diagram[lgﬁ_

for Hg, HEO’ and 002 can be carried out by introducing appropriaste scaling fac-

tors, which are determined from a comparison of the data for mercury, water, snd

002 in comparable regions for which experimental data aveilable for all three

‘heat transfer agents.




To construct the i-s disgrams, we introduce the dimensionless enthalpy and

entropy:
Lge =T (/BT pias Sppa = T * (8/R)yyq s
_ (1) _ (2)
ihg =71 - (l/RTcr)Hg, Sgg = I. (s/R)Hg,

where

T = 102 (kilograms/kilojoule)
For thermodynsmically similar substances (11 and Hg), the expressions for the

enthalpy and entropy are written

(T ).
s = Hg *"er’li
L1 He Li (Tcr)Hg
(3)
= S Hg
SLi Heg i ’

and the scaling factors, correcting for the thermodynamic dissimilarity of the
heat transfer agents - mercury, water, and CO2 - take the following form:
enthalpy and entropy scaling factors:

(ki)hta = ihta/ng’ (k.) = ihta/iﬂg’
() (&)

= _s /3 . (5)
(k) pte = shta/sﬁg’ ks hta = shta/sﬂg’

temperature scaling factor:

(k%)hta = thta/tHg' (6)

Making use of equations (1) to (6) and admitting certain simplifications, we

obtain
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= 1 - 1
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Some of the wvalues of the scaling factors correcting for the thermodynamic

dissimilarity of mercury, water, and CO. are shown in the table.

2

TABLE [109

M 0.0l ! 0.10 | 0.0 | 0.6 | u.80
factors i ‘
®)y o 1.92 ‘ 189 | 173 | 1@ 168
i
G, = bawm boaae | oz | 22
(E),,,o 1.14 1.12 1.25 1.18 1.16
Fco, i - ! 224 | 236 | 268 | 2.72
g o W R ECRRRN RO I C A
(k) - e oy va |17

Using the results obtained, we construct a dimensionless i-s diagram for

the group of thermodynamically similar substances of which lithium is a

member (fig. 1).



Figure 1.

From the relstions (2), (7), and (8), we obtain expressions for the 110
absolute (dimensional) enthalpy and entropy of any substance contained in the
group of substances thermodynamically similar to mercury:

Tpea = 8-39(T /e T

s = 8.35 gAuhta'
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